ABSTRACT: Oxidative stress, specifically lipid peroxidation, is believed to contribute to the pathophysiology of asthma. This review highlights the pathways through which reactive oxygen species (ROS) may lead to lipid peroxidation. The potential of both the innate and acquired immune systems to activate inflammatory cells and release ROS that may overwhelm the host antioxidant defences and cause lipid peroxidation, accompanied by detrimental pathophysiological effects, are discussed.
Asthma is a chronic inflammatory disorder of the airways, involving variable airflow obstruction and increased airway responsiveness to a variety of stimuli [1] . The airway mucosal inflammatory response in asthma is characterised by increased vascular permeability with oedema of airway walls, mucus hypersecretion with small airway plugging and infiltration by inflammatory cells, typically eosinophils. Asthma prevalence has increased dramatically in recent years [2] . Epidemiological evidence suggests that changes in diet, in particular reduced antioxidant intake, have contributed to increases in asthma prevalence and severity and raises the possibility that dietary interventions may improve asthma [3] . While oxidant damage is an established consequence of inflammation, the role of antioxidants and reactive oxygen species (ROS) in asthmatic airway inflammation is ill-defined and needs further exploration. Progress in this area has been limited by the lack of sensitive and specific biomarkers of oxidative stress. Isoprostanes are a group of recently discovered lipid peroxidation products that may contribute to many of the pathophysiological changes seen in asthma. This paper reviews recent data on the effects of isoprostanes in asthma and their place as biomarkers of oxidative stress.
Oxidative stress in asthma
Oxidative stress describes the damage that occurs when ROS overwhelm the antioxidant defences of the host. Oxidative stress may play an important role in the pathophysiology of asthma [1, 4] and may be a final common pathway leading to tissue damage. Figure 1 is a simplified description of how exposure to a variety of different substances such as allergens, gaseous pollutants, chemicals, drugs, bacteria and viruses [5] leads to the recruitment and activation of inflammatory cells in asthmatic airways, including mast cells, eosinophils, neutrophils, lymphocytes, macrophages and platelets. As indicated in figure 1, allergen-specific reactions involving the acquired immune system are characterised by the production of interleukin (IL)-5 and the subsequent recruitment and activation of eosinophils. In contrast, stimuli that act via the innate immune system lead to the production of IL-8 and the subsequent recruitment and activation of neutrophils. However, both of these pathways lead to the production of ROS, primarily due to the respiratory burst of activated inflammatory cells.
Activated inflammatory cells respond with a "respiratory burst", which involves the uptake of oxygen and subsequent release of ROS into surrounding cells. During the respiratory burst, a reduced nicotinamideadenine dinucleotide phosphate-dependent superoxidegenerating system is activated and releases superoxide (O 2 ?
-) into the cell. A dismutation reaction, catalysed by superoxide dismutase (SOD) then results in the production of hydrogen peroxide (H 2 O 2 ), which, in the presence of halide ions (i.e. I -, Cl -, Br -), will react to form a hypohalous acid (e.g. HOCl/HOBr). In eosinophils, this reaction is catalysed by eosinophil peroxidase (EPO). In neutrophils, this reaction is catalysed by myeloperoxidase. HOCl/HOBr may then react with O 2 ?
-or Fe 2z to produce another strong oxidant, probably the hydroxyl radical (?OH). Thus, during this "respiratory burst", the inflammatory cells have released high concentrations of O 2 ?
-, ?OH, HOCl/ HOBr and H 2 O 2 that may leak into surrounding cells resulting in increased quantities of free radicals in airway tissues. Furthermore, the inflammatory cells of asthmatics have an increased capability to generate free radicals compared to controls, which further contributes to high concentrations of ROS [6] [7] [8] . Excess reactive nitrogen species (RNS) may also be produced by asthmatics. Cytokines may stimulate increased production of nitrosyl (NO?) [9] which reacts with O 2 ?
-to form peroxynitrite, a cytotoxic species that has many damaging effects, including lipid oxidation [10] . NO? can also be converted to nitrite, which can oxidise proteins. This may be through nitration of tyrosine, in a reaction catalysed by EPO [11] . Elevated nitrotyrosine levels have been observed in asthmatics [12] . Thus, the excess quantities of ROS and RNS that are produced by asthmatics may overcome the host antioxidant defences and cause oxidative stress.
Consequences of oxidative stress in asthma
Oxidative stress can have many detrimental effects on airway function, including airway smooth muscle contraction [13] , induction of airway hyperresponsiveness [14, 15] , mucus hypersecretion [16, 17] , epithelial shedding [18] and vascular exudation [19, 20] . Furthermore, ROS can induce cytokine and chemokine production through induction of the oxidative stress-sensitive transcription of nuclear factor-kB in bronchial epithelial cells [21] .
Peroxidation of membrane lipids leads to the production of isoprostanes, a recently discovered series of bioactive prostaglandin (PG)F 2 -like compounds. Isoprostanes are produced independently of the cyclooxygenase enzymes via the peroxidation of arachidonic acid, catalysed by free radicals. This pathway has the potential to form 64 isomeric structures, of which 8-iso-PGF 2a is the most well characterised. Isoprostanes have significant biological activity (table 1) . Evidence suggests that 8-iso-PGF 2a may act in part through the vascular thromboxane A 2 /PGH 2 (TP) receptor [31] . However, it has been suggested that 8-iso-PGF 2a may also act through a novel receptor, closely related to but distinct from the TP receptor, with a high specificity for 8-iso-PGF 2a [32] . 8-iso-PGF 2a has been found to be a potent constrictor of smooth muscle. This effect has been observed in vitro in human and guinea pig airways [22] as well as in cultured rat aortic smooth muscle [23] . 8-iso-PGF 2a has also been shown to elicit airway hyperresponsiveness in isolated perfused mouse lungs [24] , and cause airway obstruction and airway plasma exudation in guinea pigs in vivo [25] . Another isoprostane isomer, 8-iso-PGE 2 , has been shown to produce physiological responses similar to 8-iso-PGF 2a , but at reduced potency [33] . These experiments invite speculation about the contribution of isoprostanes to the airway narrowing that is characteristic of asthma. While the situation in humans in vivo may be different, the full impact of elevated isoprostane levels on pulmonary function remains to be established, and in addition to being a reliable marker of lipid peroxidation, isoprostanes may prove to have an important biological role in the pathophysiology of asthma.
Evidence relating lipid peroxidation and asthma
Direct measurement of oxidants is difficult since they are highly reactive, short-lived species. Thus, oxidative stress is often measured by observing the damage inflicted by oxygen radicals upon various biomolecules, such as lipids, proteins or deoxyribonucleic acid. Aspects of the antioxidant defence system are also often examined as an indirect marker of oxidative stress. Lipid peroxidation is of particular significance in asthma ( fig. 1 ). Table 2 summarises some of the studies that have investigated lipid peroxidation and antioxidant defences in asthma.
Recently published data from the authors9 laboratory [28] demonstrated elevated lipid peroxidation in asthma, as measured by 8-iso-PGF 2a ( fig. 2 ). There is overlap between the healthy and asthmatic groups, due to the least severe asthmatics (infrequent episodic) demonstrating median 8-iso-PGF 2a concentrations similar to normal values, while the persistent asthmatics demonstrated median 8-iso-PGF 2a concentrations 3-4 times the normal group [28] . This data is supported by other researchers [29] who have observed elevated 8-iso-PGF 2a in breath condensate of asthmatics. Further evidence that allergen-induced asthma involves ROS and lipid peroxidation is the increase in urinary and bronchoalveolar lavage (BAL) fluid isoprostanes following an allergen challenge [30] . The increased isoprostane concentration in BAL fluid 24 h after the challenge provides direct evidence that isoprostanes are produced in airway tissue and may contribute to the physical effects observed during the late response.
Other lipid peroxidation products have also been measured in asthma. Thiobarbituric acid-reactive substances (TBARS) measure the concentration of malondialdehyde (MDA), an end product of the oxidation and decomposition of polyunsaturated fatty acids containing three or more double bonds. Elevated MDA levels have been observed in both plasma [34] [35] [36] [37] and breath condensate in asthmatics [38] . Ethane is produced following lipid peroxidation of n-3 fatty acids and elevated ethane levels have been reported in breath condensate of asthmatics [39] . Exhaled pentane levels, produced following peroxidation of n-6 fatty acids, were not different to controls [40] .
Antioxidant deficiencies have been frequently reported in asthmatics. The data is inconsistent, possibly due to variations in disease severity, diet, analytical techniques and body fluids being measured. However, overall, an antioxidant deficiency is indicated. Reports of nonenzymatic antioxidant deficiency include vitamin C (plasma/serum [35, 41, 42] , whole blood [36] and BAL fluid [43] ), vitamin E (BAL fluid [43] , bronchial wash [43] , plasma/serum [35, 36] and erythrocytes [44] ) and b-carotene (serum [35] ). Glutathione (GSH) is a key antioxidant in the lining fluid of the respiratory tract. Disturbed GSH status is reported in asthma, with total [45] and oxidised [43] GSH being elevated in BAL fluid and reduced GSH being elevated in erythrocytes [42] . This suggests that GSH synthesis and/or transport has increased in response to the presence of excess oxidants and has subsequently been oxidised as it performs its antioxidant role. A compensatory but probably inadequate increase in GSH has been reported in other conditions of oxidative stress [64, 65] .
Reports on enzymatic antioxidant status in asthma are also inconsistent. SOD and glutathione peroxidase (GSHPx) form an important part of the antioxidant defence system. SOD catalyses the dismutation of O 2 ? -into oxygen and hydroperoxide, which is then acted upon by GSHPx to form water. SOD activity has been reported to be increased [46] , decreased [36, [47] [48] [49] [50] [51] or unchanged [28, 44, 45, 52, 53] in asthmatics compared with controls. Zn, a cofactor of SOD, has also been reported to be decreased [28, 54] or unchanged [55] . Similarly, GSHPx activity has been reported to be decreased [36, 44, 53, [56] [57] [58] [59] [60] [61] or unchanged [28, 47-49, 51, 52, 57, 60, 62] in asthmatics, with Se, a cofactor of GSHPx, being decreased [28, 57, [60] [61] [62] or unchanged [49, 57, 62] . Catalase, another antioxidant enzyme, has also been reported to have low activity [36, 52] or unchanged [44, 47, 48, 51] . While the data are difficult to compare due to differences in the disease severity, blood components and body fluids being measured, it is clear that overall, the status of the antioxidant enzymes and their cofactors is often altered in asthma, indicating a disturbed oxidant/antioxidant balance.
There are a number of reports on oxidative stress in asthma, involving other markers such as direct measurement of ROS or protein oxidation, rather than lipid peroxidation. Some examples include elevated breath condensate levels of carbon monoxide [66] , nitric oxide [12, 39, 44, 66, 67] , nitrotyrosine [12] and H 2 O 2 [38, 66] . These data provide further evidence of oxidative stress in asthma. [28] ; breath condensate [29] ) q Airway hyperreponsiveness [24] q Airway obstruction [25] q 8-iso-PGF 2a with asthma severity (plasma [28] ; breath condensate [29] ) q Plasma exudation [25] q Vascular constriction [26, 27] q 8-iso-PGF 2a with allergen challenge (urine and bronchoalveolar lavage [30] ) 
Lipid peroxidation is related to asthma severity
The data previously published by the current authors also indicated that asthma severity is related to the extent of lipid peroxidation [28] , with a positive association between 8-iso-PGF 2a concentrations and disease severity. A similar trend was recently reported by MONTUSCHI et al. [29] who also reported that 8-iso-PGF 2a levels increased in breath condensate as asthma severity increased. A recent study by PAREDI et al. [39] also provides evidence that lipid peroxidation is related to asthma severity. This study demonstrated that concentrations of exhaled ethane were increased in patients with more severe bronchoconstriction (forced expiratory volume in one second (FEV1) v60%), compared with less-constricted patients (FEV1w60%). These relationships between markers of oxidative stress (in particular 8-iso-PGF 2a ) and disease severity suggest that such tests may indicate the clinical status of asthma patients. Further work is needed to determine reference ranges for oxidative stress biomarkers (including isoprostanes) in asthmatics of various disease severities and clinical status if they are to become a useful clinical tool.
Isoprostanes as a biomarker of lipid peroxidation in asthma
Elevated 8-iso-PGF 2a concentrations have been observed in a variety of respiratory diseases, including cystic fibrosis [68, 69] , interstitial lung diseases [70] , chronic obstructive pulmonary disease [71, 72] and asthma [28, 29] . It is likely that the mechanisms leading to oxidative stress vary according to the disease, thus this review article focuses on asthma. The discovery of isoprostanes has generated much interest, as they provide a reliable index of oxidative stress in vivo. Isoprostanes are structurally stable, are produced in vivo and are present in relatively high concentrations [73] . Thus, they overcome many of the methodological problems associated with other markers. Most methods previously available to assess oxidative stress in vivo suffer from a lack of specificity and/or sensitivity and are unreliable. Detectable levels of F 2 -isoprostanes can be found in all normal animal and human biological fluids (including plasma, urine, bile, gastric juice, synovial fluid and cerebrospinal fluid), and esterified in normal animal tissues. Levels of F 2 -isoprostanes detected exceed those of cyclooxygenasederived prostanoids by one to two orders of magnitude [74] . Indeed, as a marker of oxidative stress, 8-iso-PGF 2a determination of carbon tetrachloride (CCl 4 )-induced lipid peroxidation has been shown to be 20 times more sensitive than measurement of TBARS [73] .
In models of oxidant injury, levels of F 2 -isoprostanes free in the circulation and esterified to tissue phospholipids are dramatically increased. For example, excretion of F 2 -isoprostanes in the bile of normal rats after administration of CCl 4 was observed to increase in a dose-dependent manner [75] . Hepatotoxic doses of CCl 4 have also caused hepatic lipid-esterified F 2 -isoprostanes to increase up to 200-fold within 1 h [76] . AWAD et al. [76] also studied specific halothaneinduced lipid peroxidation in rats. A four-fold increase in plasma F 2 -isoprostanes and an 11-fold increase in liver F 2 -isoprostanes was observed.
Isoprostanes are stable when stored at -70uC for up to 6 months [77] . The most common methods of quantifying isoprostanes are gas chromatographymass spectrometry (GC-MS) and enzyme immunoassay (EIA). EIA is available in kit form and thus is a very quick, simple and cost-effective technique. The values of total 8-iso-PGF 2a observed in the authors9 laboratory in normal plasma using the EIA method [28, 68] were similar to those obtained by MORROW et al. [78] using GC-MS. Batch-to-batch variability is minimised using standard curves with each assay plate. The major disadvantage of EIA kits is that the kits available at present only contain antibodies specific for the 8-iso-PGF 2a isomer. GC-MS has the advantage of being able to detect the multiple isomeric forms of isoprostanes. However, the equipment is costly and not widely available and the sample preparation protocols are time and labour intensive [33] . Thus, the use of specific immunoassays have expanded research in this area, with several recent studies reportedly using the EIA methodology [28, 29, 70, 71, 79, 80] .
The reliability of isoprostanes as in vivo markers of lipid peroxidation makes them an extremely valuable tool for defining the potential of antioxidant agents [81] . There are numerous opportunities for trials to examine the effects of antioxidants in preventing or ameliorating the pathology of diseases in which oxidative stress is implicated. Measurement of isoprostanes can provide information regarding which doses or combinations of antioxidants are maximally effective. Several studies have demonstrated that isoprostane levels can be suppressed using antioxidants. Administration of high doses of an antioxidant combination (including vitamin C, E and b-carotene) in humans for 2 weeks reduced formation of isoprostanes by 25-55% [81] . Similarly, a trial in which subjects received high doses of vitamin E for 2 weeks reduced isoprostane levels by 37% [81] . Another trial including patients with hepatorenal syndrome revealed that infusion with SOD in three patients resulted in a 50% decrease in circulation levels of F 2 -isoprostanes, only 30-60 min after initiating the infusion [73] . Furthermore, F 2 -isoprostane levels are increased in animals deficient in natural antioxidants, even without additional oxidant stress [73] . The isoprostanes have emerged as an effective method of quantifying the potential of antioxidants to inhibit lipid peroxidation. Evidence has been presented to show that oxidised dietary fat does not interfere with isoprostane measurement. In a study by GOPAUL et al. [82] , a high-fat, fast-food meal did not contribute to the short-term postprandial concentrations of plasma 8-iso-PGF 2a . This is probably due to a dilution effect, as the quantity of 8-iso-PGF 2a obtained from a high-fat meal when diluted into the circulating blood volume is small compared with endogenous levels. This data is supported by others [74, 83] , who have also shown that urinary concentrations of 8-iso-PGF 2a were unlikely to be compromised by diet.
There has been some suggestion that 8-iso-PGF 2a may also be produced enzymatically by cyclooxygenase activity by some cells and tissues in vitro [84] , which raises questions regarding the validity of isoprostanes as a marker of oxidative stress. Monocytes and platelets have shown the ability to synthesise 8-iso-PGF 2a via both cyclooxygenase and free radicalcatalysed mechanisms in vitro [85] . However, the quantities produced enzymatically appear to be trivial compared with the overall 8-iso-PGF 2a synthesis [86] . Furthermore, enzymatic production does not appear to occur in humans in vivo [72] .
Other biomarkers of lipid peroxidation
Although biomarkers such as concentrations of MDA, breath alkanes, hydroperoxides and others are satisfactory in many circumstances, they have met criticism by a number of investigators, particularly when examining oxidative stress in vivo [87, 88] . These tests have limited specificity and/or sensitivity for oxidative stress or may be unreliable when applying the techniques to human subjects [87] .
Thiobarbituric acid-reactive substance MDA concentrations are often determined using the thiobarbituric acid (TBA) assay. MDA is an end product of the oxidation and decomposition of polyunsaturated fatty acids containing three or more double bonds. MDA is derived from TBA to form the MDA-TBA adduct. This adduct is most commonly quantified using a spectrophotometric assay [88] . There have been concerns about the specificity and validity of the TBARS assay [87, 88] . The reasons for concern include possible interference with haemoglobin or biliverdin present in the sample, the heating condition during the assay, the presence of iron in the reagents used for analysis, rapid metabolism of MDA and the fact that MDA represents v1% of lipid peroxides [88] . Thus, it is not recommended to be used as a sole index of lipid peroxidation [89] . Some investigators are now measuring MDA directly, by using high-performance liquid chromatography (HPLC) to separate MDA from other interfering chromagens, thus improving specificity [90] . However, this approach does not overcome all the limitations of the MDA method.
Lipid hydroperoxides
Primary peroxidation products of lipids can be detected in plasma using HPLC or GC-MS. The instability of lipid hydroperoxides can make measurements difficult, as they are readily broken down into alkenes and aldehydes [88] .
Hydrocarbon breath test
This noninvasive technique involves measuring pentane exhalation as the end product of (n-6) fatty acid peroxidation and ethane exhalation as the end product of (n-3) fatty acid peroxidation [88] . The test may be misleading, as hydrocarbon gas production depends on the presence of metal ions to decompose lipid peroxides. If such ions are only available in limited amounts, this index may be inaccurate [91] . Other problems include contamination of the atmosphere by these gases, the metabolism of pentane in the liver by cytochrome P450 [88, 91] and the concentration of oxygen in vivo, which affects gas production [91] .
Oxidative resistance of low-density lipoproteins
The resistance of low density lipoproteins (LDL) to induced oxidative stress has been established as a model for studying the protection of polyunsaturated fatty acids by antioxidants in vivo [92] . When isolated LDL is exposed to Cu 2z as a pro-oxidant under standardised conditions, the lag time preceding the onset of lipid peroxidation formation indicates resistance of LDL to oxidative stress. This test is also subject to criticism as it cannot be known for certain whether the in vitro situation accurately reflects in vivo events.
Antibodies against oxidised low-density lipoproteins
Measurement of auto-antibodies directed against oxidative modifications of LDL is a recently developed technique that provides an in vivo marker of lipid peroxidation [93] . Enzyme-linked immunosorbent assays are available in kit form, providing a quick and simple methodology. However, further understanding of the mechanisms leading to oxidative modification of LDL is necessary, as it has been suggested that such modifications may occur independently of lipid peroxidation [94] .
Antioxidant concentrations
Various biological tissues and fluids contain a range of antioxidants to protect against oxidative damage. For example, human blood contains small molecular antioxidants such as vitamin E, C and b-carotene, as well as enzymatic antioxidants such as SOD, GSHPx and catalase. Important antioxidants in the respiratory tract lining fluid include reduced GSH, mucin, uric acid, vitamin C and albumin [95] . Antioxidants are consumed in times of oxidative stress, thus measurement of these is an indirect marker of the degree of oxidative stress in a system. However, such data must be interpreted with caution, as antioxidant deficiencies may be due to factors other than increased utilisation.
Trapping antioxidant potential/Trolox equivalent antioxidant capacity assays
The total radical trapping antioxidant potential (TRAP) and Trolox equivalent antioxidant capacity (TEAC) are assays designed to describe total capacity to withstand free-radical stress [96] . The TRAP assay measures the ability of plasma to buffer a sample of linoleic acid against peroxidation using a heat-labile initiator as the free radical source. The peroxidation level is followed as a decrease in oxygen content of the sample [97] . The TEAC assay compares the antioxidant capacity of plasma with that of the potent antioxidant Trolox [34] . These assays give some indication of the strength of the antioxidant screen, however, these assays are only an indirect marker of the degree of oxidative stress. As with other measurements of antioxidant concentration, low TRAP or TEAC values may be due to factors other than increased utilisation of antioxidants in the presence of excess ROS.
Systemic versus airway markers of lipid peroxidation
While many of the studies of oxidative stress in asthma have used blood biomarkers (table 2), it is uncertain whether they accurately represent conditions at the airway surface, the site of oxidative damage. A recent report by KELLY et al. [43] attempted to gain a more accurate picture of local antioxidant defences in the lungs by sampling lung-lining fluid. Using BAL fluid, deficiencies in vitamins C and E and an increase in oxidised GSH levels were observed. Interestingly, these deficiencies were not reflected in plasma. Plasma vitamin C concentrations were similar to controls, while plasma vitamin E concentrations were elevated in asthmatics. This emphasises the importance of not relying on blood biomarkers alone to indicate airway antioxidant status and highlights the fact that the relationship between plasma and lung-lining fluid antioxidant pools is unknown. It is likely that an accurate estimate of the status of antioxidant defences requires sampling directly from the site of oxidant damage, which in asthma is the airway.
Induced sputum samples have been determined to contain a range of biomarkers useful for studying the lower respiratory tract [98] and provide a noninvasive alternative to BAL samples. Induced sputum is collected by coughing following saline inhalation. Thus, the noninvasive nature of the sample collection is advantageous compared with collection of BAL fluid, which must be performed under anaesthetic. Isoprostanes can be measured in induced sputum by EIA and levels are at least an order of magnitude higher than plasma levels [80] . Several recent studies of oxidative stress in asthma have used breath condensate samples [12, 29, 38, 39, 99] . Collection of these samples is also noninvasive, however, the method is limited. Technical modifications may have overcome some of the practical problems, including elimination of ambient contamination of exhaled breath [39] , but breath condensate samples are not suitable for a comprehensive analysis of oxidative stress and antioxidant defences as they rely on the volatility of the substances being measured. Thus, induced sputum samples may be the most suitable method of directly examining the spectrum of markers of oxidative stress in a variety of conditions.
Therapeutic implications
Despite the abundance of evidence indicating elevated oxidative stress and reduced antioxidant defences in asthma, antioxidant supplementation studies to date have been limited. The only longer term (w1 week) supplementation trials have been encouraging, involving vitamin C [100] and Se [101] , both of which led to a positive improvement in asthma symptoms. However, since much of the epidemiological data suggests that whole foods (in particular fruit and vegetables) are related to asthma symptoms, it is likely that the most effective form of dietary supplementation will involve a combination of antioxidants, possibly including less well-known antioxidants (such as other flavonoids and carotenoids) that have not been considered previously in relation to asthma. This reinforces the need for a systematic and comprehensive evaluation of the antioxidant status of the asthmatic airways, to establish what combination of antioxidants will be most effective in correcting any deficiencies, thereby potentially reducing asthma incidence and severity. Evaluating the multiple and complex therapeutic combinations will be facilitated by sensitive biomarkers of oxidative stress, measured directly in the airway. Isoprostane measurement in exhaled breath condensate or induced sputum appears ideally suited to this application.
Conclusion
Oxidative stress and disturbed antioxidant status in asthmatics are well established. However, no systematic examination of lipid peroxidation and antioxidant defences in asthmatic airways exists. A comprehensive biochemical evaluation of antioxidant defences is needed to identify the nature and extent of any deficiencies. Much of the reported data has been obtained from various blood components, which may not be representative of what is happening at the airway surface, the initial site of oxidation. Thus, examination of airway biomarkers is critical to determine the potential for antioxidant supplementation to restore the oxidant/antioxidant imbalance. Measurement of isoprostanes in breath condensate or induced sputum should provide useful information concerning the degree of oxidant stress and success of antioxidant therapy in asthma.
